I Introduction
Hydrogen is by far the most abundant element in the Universe and molecular hydrogen H 2 is known to dominate in cool regions. Otherwise, as observed in the atmosphere of Jupiter H 3 + is supposed to have an important role in the interstellar medium as an initiator of chains of chemical reactions 1 . The effect of protonation of pure hydrogen clusters (H 2 ) n at low temperature has been investigated by several quantum chemical calculations 2 including quantum Monte Carlo simulations 3 . It was shown that the added proton gets trapped as a very localized H 3 + impurity in the cluster and is surrounded by stable shells of solvating H 2 molecules.
In recent years, research in cluster physics has expanded from the study of the isolated species in the gas phase to the interactions of atomic or molecular clusters with atoms, molecules and others clusters 4 . When a beam of molecular or cluster ions collides with a gas target, several competing reactions occur involving dissociation, electron capture, ionisation, etc… In particular, electron capture processes in ion-atom collisions play an important role in astrophysics, atmospheric physics and plasma physics 5 . Then, many investigators have studied electron-capture processes by protons 6 and molecular hydrogen ions 7 on various targets due to the inherent importance of this fundamental process. Double-electron capture is a particularly interesting case of a two-electron process 8 . Up to now most of the work has been done by measuring double-electron-capture cross sections of various atoms by multiply charged or singly charged ions.
In this paper we report on double-electron capture cross section measurements by 
II Experimental set-up
Mass selected hydrogen cluster ions with an energy of 60 keV/amu have been prepared in a high-energy cluster facility consisting of a cryogenic cluster jet expansion source combined with a high performance electron ioniser and a two step ion accelerator (consisting of an electrostatic field and a RFQ post-accelerator) 9 . After momentum analysis by a magnetic sector field, the mass selected high-energy projectile pulse (pulse length of ≈ 
III Results and discussion
With this instrument we are able to record for each event simultaneously the number (multiplicity) of each mass-identified fragment ion resulting from the interaction (for more experimental details see 10 , 11 , 12 ). In addition, for each event we can also monitor the sum of the masses of all the neutral fragments in coincidence with the detected ions. Moreover, by probing the angular distribution of these neutrals in front of the detector by using a movable aperture (0.5 mm of diameter) we find that the neutral products consist of hydrogen atoms and hydrogen molecules with no larger neutral clusters present 13 . The validity of single collision conditions has been ascertained by measurements at different He target pressures and allows also to derive absolute cross sections for the occurrence of specific reaction channels 14 . In Fig.   2a we report the spectrum corresponding to the detection of the neutral fragments produced The double-electron capture process is followed by the dissociation of the excited negative cluster produced. We have detected no molecular or cluster negative ions. By using the multi-coincidence data sets we have deduced the number of events corresponding to this double-electron process from those events for which we detect an H -ion in coincidence with neutral fragments of a total mass number equal to 8. In Figure 2 we report the spectra obtained in the H 3 + (H 2 ) 3 + He collision, for the detected neutral fragments (2a), for the detected H -ion (2b), and for the neutral fragments detected in coincidence with an H -ion (2c).
In Figure 2c , the peak corresponding to mass 9 has disappeared since one H -ion is detected.
The double electron capture process corresponds to the events in peak 8. The other peaks in Figure 2c correspond to reaction channels where an H -ion is produced simultaneously with at least one positive ion. In Figure 3 are reported the same spectra without He target obtained for the same number of incident clusters. There is no event corresponding to the double electron capture (peak 8 in Figure 2c ) in the spectrum without He gas target. The one-electron capture events have been used to deduce from these data the absolute cross section for the doubleelectron capture. We have measured the branching ratio between the number of events (N dec ) in the neutral "coincident" peak (8) in Figure 2c and the number of events in the peak 9 (N oec )
in Figure 2a that corresponds to the total number of events for one-electron capture in the same data set.
R dec/oec = N dec / N oec R has been found to be equal 1.33 10 -3 .
The one-electron capture absolute cross section σ oec,9 has been already measured in previous experiment 16 and found to be equal to σ oec,9 = (4.4 ± 0.6) 10 -17 cm 2 . Therefore we deduce the double-electron capture absolute cross section as following σ dec,9 = R dec/oec × σ oec,9
The obtained value for the double-electron capture is then equal to (5.8 ± 1.2) 10 -20 cm 2 .
First we note that the value obtained for the double electron capture is very small. This process has been extracted among a large number of different and much more probable reactions induced by the collision. We have noticed in previous papers that the production of H -ions is negligible compared to the production of other fragments. This result illustrates the power of the multi-coincidence techniques associated to accelerator mass spectrometry.
The measured cross section has to be compared with the results available in literature of proton impact on helium gas. Figure 4 shows reported theoretical and experimental values for the double-electron cross section in the 10-1000 keV/amu energy range obtained with incident protons 17 . We can observe that the measured value for the H + incident ion is two times larger than the corresponding value obtained for the H 9 + ion at 60 keV/amu. From our previous results in reference 14 we show that the measured value for the H + ion σ oec,1 (≅7.8 10 -17 cm 2 ) is about twice as large as the corresponding value obtained for the H 9 + ion σ oec,9 for the same velocity. Thus, the branching ratio between double-electron capture and one-electron capture seems to be nearly the same for protons and for cluster ions at the same velocity.
In a previous paper 16 we showed that for hydrogen clusters the one-electron capture cross section is independent of the cluster size. The mean value of the one-electron capture cross section for clusters and H 3 + has been found to be nearly the same. That shows that the electron capture by hydrogen clusters from a helium atom is a process involving mainly the H 3 + core ion and confirms the localization of the charge on the H 3 + core. We could interpret the present result on double-electron capture process in the same frame: that is a very localized process involving the H 3 + core ions of the H 9 + cluster. An interesting result is the fact that this very localized double electron process is not prevented by the presence of three molecules around the H 3 + core.
IV Conclusion
To our knowledge, this result is the first evidence for a double-electron capture process in H-cluster-ion atom collision. 
